ABSTRACT
INTRODUCTION
Under-five mortality rate (U5MR) is the probability that a newborn will die before reaching the age of five years if subjected to current agespecific mortality rates. It is usually expressed as a rate per 1000 live births. Nearly 10 million children worldwide die before their fifth birthday, with almost all of such deaths occurring in developing countries; sub-Saharan Africa (SSA) alone accounts for almost 50% of these deaths Claeson et al., 2003 , WHO, 2007 UNICEF, 2008) .
Under-five deaths are caused by easily manageable or preventable diseases such as malaria, measles, pneumonia, diarrhoeal diseases (or a combination of such diseases) with malnutrition playing a role in more than half of such deaths (WHO, 2000; Bryce et al., 2003 , Bryce et al., 2005 . Though under-five mortality rates have been declining worldwide, developing countries continue to record high values and in low-income countries, one child in 11 dies before his/her fifth birthday in comparison to one in 143 in high-income countries (United Nations, 2000; WHO, 2003) .
Certain factors such as socioeconomic status, fertility behaviour, environmental health conditions, nutritional status and infant feeding, and the use of health services have been identified as strong risk factors for child mortality. The magnitude of each factor varies in various regions across the world (Mosley and Chen, 1984) .
Ghana was ranked forty-seventh (47 th ) in the world in terms of under-five mortality rate in 2002, with a rate of 100 per 1000 live births (down from 126 per 1000 live births in 1990) and an infant mortality rate (IMR) of 57 per 1000 live births (UNICEF, 2004) . However, the rates increased slightly to 111 per 1000 live births and 64 per 1000 live births for under-five and infant mortality respectively for the year 2003 (GSS/NMIMR/ORC Macro, 2004) and in 2008, went down to 80 and 50 per 1000 live births respectively (GSS/GHS//ORC Macro, 2008 preliminary results). To achieve the 4 th Millennium Development Goal (MDG), Ghana has to reduce her U5MR rate to 40 per 1000 live births by 2015 (Bryce et al., 2008) . The annual rate of U5MR reduction in Ghana (1990 Ghana ( -2006 is 0.09%. Between 2007 and 2015, Ghana has to achieve an annual rate of reduction of 12.2% in order to achieve the MDG 4 (Countdown Coverage Writing Group, 2008) .
The Upper East Region of Ghana (in which Builsa District is located), has been classified as one of the worst poverty stricken regions of Ghana with 40% of its population living in abject poverty and nine out of ten people in the region being said to be poor (Ghana Poverty Reduction Strategy, 2003) . In spite of this, the region has recorded a dramatic decline in under -five and infant mortality rates since 1993 (U5MR -180/1000 and IMR -105/1000 live births). The 2003 Ghana Demographic and Health Survey (GDHS) showed a regional U5MR and IMR of 79 per 1000 live births and 33 per 1000 live births respectively which were lower than the national rates; 111 per 1000 live births and 64 per 1000 live births respectively.
The study sought to determine the influence of evidence-based risk factors for under-five mortality on the under-five mortality rate in the district and to describe the factors that may have led to the sharp drop in under the U5MR in the district (and possibly also in the region).
MATERIALS AND METHODS

Study Area
The Builsa District is one of the eight districts in the Upper East region of Ghana. It has six sub-districts. The health infrastructure in the district consists of a district hospital, two (2) mission clinics, four (4) health centres, two community-based health services and planning (CHPS) compounds and eighty-one (81) outreach points. Endemic diseases in the district are: malaria, tuberculosis, leprosy, schistosomiasis, respiratory tract infections, intestinal worms, sexually transmitted infections (STIs) and diarrhoea while the main epidemic-prone diseases are cerebrospinal meningitis (CSM), measles and yellow fever. 2005 and also from the sub-district communitybased surveillance (CBS) records as well as through interviews with community-based volunteers to further identify any under-five deaths that may not have been recorded in the CBS records at the time of the study. Informed verbal consent was sought from mothers or guardians of cases before they were interviewed. A total of 74 cases were identified from the Builsa District hospital records for the period January 2003 to June 2005. Of the 74, 38 were eventually recruited to participate in the study; the rest either did not consent to participate or had wrong addresses and could not be traced or were not available at the recorded address at the time of the study or were not residents of Builsa District. An additional 22 cases were captured from the CBS records and from information provided by the community-based volunteers.
Controls for the study were children matched for the same age (range: ± 2 months of age of a case as at the time of his/her death), sex, who lived in the same communities as cases (or in nearby communities) and who were alive at the time of the study. Mothers and or guardians of controls assisted in the identification of other potential controls. The community-based surveillance volunteer assisted in the location of the house of the potential control. The respective child was selected as a control only after an informed consent had been obtained from the child's parents or guardian(s). A total of 120 controls were recruited.
Ethical clearance for the study was obtained from the KNUST-KATH Committee on Human Research, Publications and Ethics (CHRPE), while administrative clearance was obtained from the Builsa District Health Directorate.
STATISTICAL ANALYSIS
The sample size was calculated as follows: 60 cases and 120 controls based on a 60% prevalence of infectious diseases among under-fives in the district for the control group with 3 as the odds ratio worth detecting at a 95% confidence level with a power of 80% and allowing for a 10% non-response rate (Epitable Calculator, Epi Info™ 6.04d (CDC, Atlanta).
Data were analyzed using Epi Info 2000 (© CDC, USA; WHO, Geneva) and Stata 8 for Windows (© College Station, Texas 77845 USA). Summary statistics for the variables were determined. For categorical variables, frequencies and sometimes cross-tabulations were used to describe the relationships between study variables. The chi-square test statistic was used to determine the statistical significance of associations between variables. Continuous variables were summarized using the mean with a 95% confidence interval as measure of dispersion. For skewed variables, the median and the inter-quartile range were used to report the summary. Bi-variate conditional logistic regression was used to identify the variables that were likely to be risk factors for under-five mortality. Odd ratios were reported together with 95% confidence intervals. The critical level of significance was p ≤ 0.05. 
RESULTS
Majority of the mothers in both study groups were illiterate (~70%) and were also farmers. Most mothers were assessed to be in the middle level with regard to economic status (assessed based on the possession of assets such as radio, bicycle and the quality of building materials for their houses among others).
There were almost twice as many infants (0-11 months) as there were young children (12-59 months) in the study population; 64% to 36% respectively. Nearly two-out-of three deaths (60%) were males. Most of the deaths (63%) occurred among infants, with 22 (37 %) dying before they were six months old.
The major causes of morbidity among children under-five in Builsa District were: malaria, diarrhoea, acute respiratory infections (ARI) notably pneumonia, and anaemia (Table 2 ). Only one household used what is regarded as a clean source of fuel (liquefied petroleum gas) and this was found in the home of a case. The environment was not found to have a significant influence on under-five mortality in the district.
Condition
The effect of other factors in addition to the ones mentioned above on under-five mortality is shown in Table 3 which is a summary of the results obtained after some of the possible risk factors for under-five mortality in the district were subjected to a conditional logistic regression.
DISCUSSION
The following were identified as determinants of under-five mortality in Builsa District: non-exclusive breastfeeding, non-vitamin A supplementation, non-use of insecticide-treated bednets (ITNs) and mothers with previous child deaths.
Factors that may have led to a decrease in underfive mortality in the district were the practice of exclusive breastfeeding (in more than 50% of cases for up to the recommended period of six months), vitamin A supplementation, the use of ITNs by children in the district and immunization. All these factors have been listed among the group of interventions that have been proven in various studies to enhance child survival and reduce under-five mortality (Jones et al., 2003 , Caleson et al., 2003 Victora et al., 2007) . The study confirmed the protective effect of exclusive breastfeeding in relation to under-five mortality as published in other studies. Exclusive breastfeeding has been identified in various studies as protecting infants especially in the first few months of life from ARI and diarrhoea (Cesar et al., 1999; Arifeen et al., 2001; Betran et al.; Mathres et al., 2001) . This is important for child survival given the poverty levels of the district (and also the region) and the fact that breastmilk is readily available and at no cost to the mother.
The importance of vitamin A as a protective factor for under-five mortality was also confirmed by this study which showed that children who did not receive vitamin A were more than 10 times at risk of mortality. Giving vitamin A supplement to newborns has been shown to have a marked positive impact on early infant morbidity, mortality, growth and development (Rahmathullah et al., 2003; Grotto et al., 2003; Adu-Afarwuah et al., 2007; Haws et al., 2007; Klemm et al., 2007) . (1998 -2001) . This high figure could be attributed to the fact that in the district, pregnant women are given ITNs at a highly subsidized price both before and after delivery through a UNICEF-Ghana sponsored initiative. Children of mothers who had had previous child deaths were about 8 times at risk of death (OR 7.50, ], p<0.01) which is similar to findings from studies in Nepal and Tanzania (Mturi and Curtis, 1995) . The other significant finding regarding the influence of maternal factors on under-five mortality was that the more children a mother had alive, the less likely her children were to die (OR 0.54, 95% CI [0.40-0.73], p<=0.01).
The beneficial effect of vaccinations on underfive mortality as published in some studies (Kristensen et al, 2000; Kabir et al, 2003) was also confirmed in this study. Immunization was a significant protective risk factor in relation to under-five mortality in the district, indicating the successful implementation of the Expanded Programme on Immunization (EPI), as part of child survival programmes in the district. District-wide implementation of immunization and vitamin A supplementation in children had an immense protective effect on child survival. However, these gains have to be sustained through improved information, education and communication (IE&C) to mothers. Maternal education and support (provision of good water supply, sanitation and health care) for child health is essential in reducing childhood deaths in Builsa district.
CONCLUSIONS AND RECOMMENDA-TIONS
The study findings support the effectiveness of current child survival and development programmes in Builsa District, especially with immunizations and vitamin A supplementation. Such interventions need to be properly recorded in the child's Road to Health Chart (RTHC) to facilitate programme monitoring and evaluation. All health staff responsible for health programmes should be trained to identify and to pay special attention to mothers with previous child deaths in order to educate and assist them to prevent further childhood deaths.
Even in the midst of poverty, with a minimum of resources it is possible to achieve a lot in terms of improving the health status of commu-nities. However such achievements require collaboration between government and the private sector especially non-governmental organizations (NGOs), to support local health authorities with the needed logistics to effectively implement their health programmes.
